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However, it is difficult to determine amines, such as methylamine, dimethylamine and ethylamine, without any pretreatment because lower molecular weight amines are watersoluble and volatile. High performance liquid chromatography (HPLC) with 2,4-dinitrophenyl derivatives 2 and gas chromatography-mass spectrometry (GC-MS) with sulfonyl chloride derivative 3 have been reported for low molecular weight water-soluble amines determination. Also, GC-MS was applied to the simultaneous determination of primary and secondary amines after distillation, derivatization with benzenesulfonyl chloride and an extraction process. 4 GC with FID or thermionic specific detection and HPLC with conductometric detection were reported for aliphatic amines determination. 5 Recently, diffusion scrubber-ion chromatography was used for the analysis of aliphatic amines in environmental air samples. 6 Also, GC-FID with solid-phase microextraction was applied to the determination of trimethylamine in fish tissue. 7 However, most of those methods require derivatization prior to the measurement and the procedures are tedious, time-consuming and complicated. On the other hand, there are few methods for the determination of hydrophobic aliphatic amines. Propylamine and butylamine were determined by LC-amperometry. 8 Also, octamylamine and amphetamine were determined using a selective electrode and a reaction with 1-fluoro-2,4-dinitrobenzene. 9 Although GC and HPLC with pretreatment are popular for the determination of aliphatic amines, spectrophotometries for them are few.
One (T. S.) of the authors found that tetrabromophenolphthalein ethyl ester molecule (TBPEH) reacted with aliphatic amines (C3 -C8) in 1,2-dichloroethane (DCE) to form CT complexes; these complexes showed reversible thermochromism with a temperature change. 10, 11 In addition, the specific thermochromism of amine-TBPEH complexes has been discussed and its thermo-spectrophotometry could be applied to the selective determination of amines. 12 In the previous studies described above, secondary and tertiary amines in the presence of a primary amine were selectively determined. [10] [11] [12] However, it was difficult to remove mutual interferences caused between secondary and tertiary amines, because their complex formation constants were large compared with that of primary amine.
In this paper, we demonstrate the possibility for the simultaneous spectrophotometric determination of aliphatic primary, secondary and tertiary amines in a two-components mixture using quantitative thermochromism with an increase in temperature.
Experimental

Reagents
Butylamines (n-butylamine (BA), di-n-butylamine (DBA), trin-butylamine (TBA)) and hexylamines (n-hexylamine (HA), din-hexylamine (DHA), tri-n-hexylamine (THA)) supplied from Tokyo Kasei Co. (Tokyo, Japan) were used without further purification. Stock solutions of amines were prepared by dissolving them in DCE to make a 1 × 10 -2 -1 × 10 -3 mol dm -3 solution.
A TBPEH solution (2 × 10 -3 mol dm -3 ) was prepared by the extraction of a 4 × 10 -3 mol dm -3 TBPE potassium ethanol solution into DCE at pH 3. [10] [11] [12] 
Apparatus
A Hitachi U-3000 double-beam spectrophotometer equipped with a temperature-controlled cell was used for absorbance measurements. The cell temperature was controlled by Lab Thermo Cool Model LCH-10 (Advantec Toyo, Ltd., Tokyo).
The temperature precision was ±0.5˚C. Pyrex cells with Teflon stoppers were used.
Standard procedure
For the (BA and DBA) mixture: put 1 cm 3 of 2.0 × 10 -3 mol dm -3 TBPEH and 1.0 cm 3 of 1 × 10 -4 mol dm -3 DBA and (0.3 -0.7) cm 3 of 1 × 10 -3 mol dm -3 BA into a 10-cm 3 volumetric flask and dilute the mixture with DCE. Measure the absorbance at 20˚C at 563 nm and 570 nm. After elevating the temperature of the mixture in the cell to 35˚C, measure the absorbance and the absorbance differences (∆A) at the same wavelengths.
Results and Discussion
Absorption spectra of CT complexes with TBPEH Figure 1 shows the absorption spectra of TPBEH-amine complexes. Curve 1 is for 1.0 × 10 -4 mol dm -3 HA, 2 for 2.0 × 10 -5 mol dm -3 DHA and 3 for 1.5 × 10 -5 mol dm -3 THA. The maximal absorbance wavelengths were at 562 nm for HA, at 570 nm for DHA and at 580 nm for THA. As shown in our previous paper, 12 the absorption maxima for all primary amines occurred at around 560 nm, for secondary amines, near 570 nm and for tertiary amines, the maxima were near 580 nm. It seems that the wavelength shift is attributable to the order of the basicity of amines, and the shift is independent of the hydrocarbon chain length.
Thermochromism of CT complexes
The absorption spectra of 1.5 × 10 -4 mol dm -3 HA with 2.0 × 10 -4 mol dm -3 TBPEH complex were measured at 562 nm at 20, 30, 35 and 40˚C. With an increase in temperature, absorbance decreased. The isosbestic point occurred at around 450 nm, and absorbance due to TBPEH (at 410 nm) increased quantitatively with the increase in temperature.
The thermochromism was reversible with temperature changes. The calibration graphs were linear in the range of 0. 
Estimation of two components concentrations in mixture
Absorption spectra changes of (HA and THA) mixture are shown in Fig. 2 . Curve 1 is for a mixture at 30˚C and 2 for that at 35˚C. The absorption maximum for the HA complex was at 562 nm and that for the THA complex was at 580 nm. ∆A562 and ∆A580 represent the differences of the absorbance at each temperature. ∆A562 and ∆A580 could be obtained by measuring the absorbance at different temperatures, as follows:
Calibration graphs at 562 nm and 580 nm with each temperature were linear for HA and THA. Table 1 shows the molar absorptivities (ε) of all amines obtained by calibration graphs and the differences (∆ε) of the molar absorptivitities between lower and higher temperatures. From Eqs. (3) and (4), the following equations can be derived:
Since ∆εHA,562, ∆εTHA,562, ∆εHA,580 and ∆εTHA,580 are measured beforehand, the concentrations of HA and THA can be determined by measuring ∆A562 and ∆A580.
Simultaneous determination of two amines in a mixed solution
To assess the proposed method, recovery tests were performed on synthetic mixtures. To 1.0 × 10 -5 mol dm -3 THA, various amounts of HA were added. After that, the temperature in the mixture was elevated from 30˚C to 35˚C and ∆A562 and ∆A580 were measured. In addition, various amounts of HA were added to 1.0 × 10 -5 mol dm -3 DHA and the temperature was varied from 20˚C to 40˚C. The results are given in Table 2 . The recoveries for the added concentrations were in the range of 96% -107%. Also, Table 3 gives the recoveries for mixed solutions of BA and DBA and/or DBA and TBA analyzed according to the procedure. The found amounts were in good agreement with the added amounts. Co-existing amines in the solution gave strong interference with each other in spectrophotometry with TBPEH, 10 however, it was possible to determine spectrophotometrically two coexisted amines utilizing a novel thermochromism of the CT complex formed between aliphatic amine and TBPEH.
